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aA AH X YRA Algenus Parus 4 eb 4% Parus major 
wladiwostokensis 4A), P. ater amurensis( A 914]), P. palustrius 
helmayri( à 4) P. varius varius(E c 91o9]) # uae ols] al 
SA PARAE PRAN AA mtDNA #42 AAA. 

6 base& Aze 107ps] ap abE AR AJA AA mtDNA 2 
7|* 166~17.0KbA2 Pst Ixb Pyu UE ab žel} FAA. 4 
SAQA AAAS vs Parus $A PHAR yD 3 P, 
m. wladiwostokensis2} P. a. amurensis9] AA ARAF BE PAR 
$SEx.(p—-0.073, F 20.294) P. a. amurensis$) P, v. varius: 9|x4 aA 
a AA abo) E Bac} (p=0.119, F-0.143). Brown x(1979)9] x4£& 
Sse YAS 4$] BBA 7S S49 AR SS X7) AAA 
(Pliocene) 2} 4&7] SAA] (Pleistocene) Aol BHA Ale As 
Th, 
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4} ay = (Passeriformes) 2Ẹ è JAJAL ux Aza Abu A 47] paa 
(Pleistocene) E37} $43] ol oA X49. WP BL $F yaja gu 
(Raikow, 1986). o|E Xo] E AH F BHA A a3} (Paridad oA ae Bays 
(genus Parus)e|X- Parus major wladiwostokensis("L^l]), P. ater amurensis(7 31A), 
P. palustrius hellmayri(4]9]4]) BY P. varius varius(=Z*%te]) XE 4o] Qc}. o] SS 
Bue AG} LL, Baa AS SHE aAA Hol} Haa spe] Bx} 
ej ae tala Peasy Zl Exe] Yo] Rct(Kang, 1962; Won, 1969, 1981; 
Wetmore, 1960; Won and Gore, 1971). 
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lee api ZFS LYM FREZT] du ASA $9)]3£€ cep] Aa 
qd gu duds AF Jye PAHAA PAS eA AP Heo] dm 
ALA Es SAELE fA AZAT i-e] q7 get (Avise and 
Lansman, 1983; Yang et al, 1984; Zink et al, 1987; Dowling and Brown, 1989; 
Johnson et al, 1989). xJjela]x Kim (1986). Aas tas z#o Wa ad 
JA U FHSAA LAS Ege dT BEM JA +S AAYS A a} 
Six, Park $(1990) 3} Shim(1994) - 419 Yyoe 4s ZA patay E 
AS sF Bch. A, mtDNA € x73 EOS. Buy DNALt we AHFS+ES 7b 
x Yon, Ages HACE Pole S7ABPs(p)e AFT AJAJIA At 
oj Fe aeg Aaa 9)u(Yonekawa et al, 1981; Bermingham and Avise, 
1986; Moritz et al, 1987; Palmer, 1987; Gill et al, 1993). xuUlela1x oF (Lee et 
al, 1989; Hong et al 1993; Min and Yang, 1993), 9t413-(Lee and Park, 1991), 3} 

3r(Paik et al, 1992) 3 WE X3) AZAA of SA A} QA. 

X- og% Parus major wladiwostokensis, P. ater amurensis, P. palustrius 
hellmayri Y P. varius varius & YRS 442) 472 ASA $9xb£E mtDNA X 
4u ue wee] mabepuen, 7) So] VEA PAHA #4 H»FKim et al, 1985; 
Park et al, 1989; Shim, 1994) 2} u] x: st eiu. 


EMEN 
Z Adel ApRGE AS BY AAAA Table 13} #4. 


Table 1. Collection localities, dates and number of specimens. 


Species Localities No. of Collection date 
specimens 
1. P. major wladiwostokensis Chongryang-ri, Seoul 2 Feb. 2. 1993 
2. P. ater amurensis Chongryung-ri, Seoul 2 Feb. 2. 1993 
3. P. palustrius hellmayri Kwangreung, Kyonggi-do 7 Feb. 21. 1993 
4. P. varius varius Chongryang-ri, Seoul 2 Feb. 2. 1993 
Kwangreung, Kyonggi-do 2 Feb. 21. 1993 


4 gi ADE(Mist net) € AAR a4 Ae F Maz bor Tso] A 
TAEZ BEA, md F azry buo] FL AAS ese 
Zimmerman (1988) 9] 42 o]-2sbo] mtDNA € AS pas BBS} A 
al 2g ATY 2412 homogenize 2+#08(0.24M Sucrose, 0.01M EDTA, pH 74)el 
^| uae Asp ZA S49) HAS S3 SEPM Fo SX ou FA 
ej FFE BAA DNAS} RNA AAS AA DNase 13} RNase AS Aes Art. 
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10% NP-40& o|$-3pej ESE) FS AY He AAE Aeae se 
JD mtDNA QAMVS AA 70% ethanol£. AAAA 3- AZAA Ge TE 


buffer= BAAD Avise €(1984) 2} sue] abel 6base£- ez) aE 107409] ABA 
€ ^2 t+ X Mack |(1986) 9] wo] Seto] 08% agarose gel z7]93-x 

c zz] X of F3 DNA AS ethidium bromide(EtBr)2 9344s]e] UV- 
iluminator4to] 4] BAS Fels F ARS AVIA. FA AWAJ PAL 
Upholt (1977) $] "joel web zb DNAR AA opz Fe 33 443023 A7) 
AA X 3p m(p)€E Pool APS s+ Act. 


a n 


FAE 4S] det mtDNA € $$ 6base£& JAE 107409] AMAA az 
so] mtDNA 2AE PAIA. AAAI 4 AA aNg You FA BIS 
44:9] mtDNA sizex- 16.6-17.0Kb Lo] (Parus major wladiwostokensis 17.02-0.35, P. 
ater amurensis 16.8+0.48, P. palustrius hellmayri 17.040.63 P. varius varius 16.6+ 
089) Hee z7|€& vba Ale web. 10709] AGAAS wea ox ule 
SA LJA LAFANA Ge X uc 4 SA SE AAEE FA ADE 
Table 22} 2}, 


Table 2. Comparative analysis and estimated number of mtDNA fragments of 4 species of the genus Parus. 


RE 1 2 3 4 1/2 1/3 1/4 2/3 2/4 3/4 
Ava | 6 5 5 4 4 4 1 4 1 2 
Bgl I 4 4 4 3 1 1 0 0 1 0 
Bgl ll 3 2 1 2 1 0 1 0 0 0 
Cal | 2 1 1 2 1 1 0 1 0 0 
Hind Iii 4 3 1 3 0 0 0 0 1 0 
Pst I 2 3 4 1 0 0 0 0 0 0 
Pvu Il 4 3 1 3 0 0 0 0 0 0 
Xba | 1 1 1 2 1 0 0 0 0 0 
Eco RI 1 4 2 2 0 0 1 0 0 0 
Bam lll 2 1 1 1 0 0 0 0 0 1 
Total 29 26 22 23 8 6 3 5 3 3 


1. P. major wladiwostokensis 2. P. ater amurensis 3. P. palustrius hellmayri 4. P. varius varius 


P. m. wladiwostokensis?| = RAFE 297] 74 Be uu P. p hellmayri= 
2270€ 734 AS AMSS aA. Hin dill, Xba I, Eco RI, Bam HI BS #2 Zz 
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tol 


SARS 1A ebspmeA) dae] Aol 7} AALA, 58] Pst I} Pvu Hm $ $0) 
€ x3siu(Fig. 1). 


Fig. 1. MtDNA variation of the genus Parus digested with Pst ] and Puu II. Numbers refer to sample localities 
listed in Table 1. 


py cre ps stops ii 


= 467(3—8)9]91.9.*, Parus m. wladiwostokensis9] P. 
a. amurensis7} 87] & 714 BE 4E Lpa AA 7bAR HAA] age 
P. varius varius 44) 2) 3$ale] FERATA 4 ASA AA weg. el 
a} JAA Ë FdA Upholt(1977) ax4]el] 9a SEAR v] £&(F)sP 8714] 
Helpe FA AAS Table 34} du. 


of co 


Table 3. Estimates of mtDNA differentiation among 4 species of the genus Parus. Date above the diagonal are 
total proportions of shared restriction fragments(F), and those below the diagonal are the value of nucleotide 


sequence divergence(p) (Upholt, 1977). 


Species ; 1 2 3 4 
1. P. major wladiwostokensis 2 0.294 0.270 0.210 
2. P.ater amurensis 0.073 - 0.284 0.143 
3. P. palustrius hellmayri 0.079 0.084 - 0.194 
4. P. varius varius 0.094 0.119 0.099 - 
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P. m. wladiwostokensis2} P. a, amurensis) 7j4- F—0.294 (p=0.073) = 74 7} 
He TARAS sge P. a amurensis?R P. v. varius7} F=0.143 (p-0.119) 2 & 
A xb AY UAH. Table 39| AJALE EXE sol Parus& 449] ASA 
2 A) S dendrogram’ € ZAI ABM Fig. 29b Hg. 


Fig. 2. Genetic phenogram of the genus Parus based on analysis of mtDNA nucleotide sequence divergence(p) 


among 4 species of the genus Parus. 


15 10 5 0 (%) 


7.3 P. m. wladiwostokensis 
10.4 P. a. amurensis 
P. p. hellmayari 


P. v. varius 
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BHA BAS 4X9] mtDNA 327)= 169 Kbe^4] Aao ARES] mtDNA 
27} $4 (15.7-23.0 Kb) Yo] Saged ze] S$be]zb mtDNA} z7](16.5 Kb) 
9b paaka Kessler and Avise, 1985; Lamb et al, 1989; Lee et al, 1994). 
MtDNAGA4el|4 ASA ANAA FA PyR PaaS ^b (Shim, 
1994) Parus major wladiwostokensis, P. ater amurensis, P. palustrius hellmayri7} 3 
$ p=0.079(0.073-0.084) & v] a4 RA yeda sb P. varius varius 47) 2) 3 
$»b Bt p-0.104(0.094-0.119) & aA Bal HAEl. Baal Parus& 4719] xj 
T pus 0.0918 SYS of}4U4 Mack F(1986) 3 Gill F(1993)o] JA AAD x 
& Parus 2A 87)AS X3 9) x9) p=0.07(0.04-0.09), p=0,05(0.03-0,07) e]. ] 
so da XE besten, dE 2# Z% E (Kessler and Avise, 1984)9] Anas 
& 94&zkt9] p=0.062(0.004-0.085), Aythya 42719) p=0.034(0.025-0.043) 23) 2 
AAW Ammodramus (Zink and Avise, 1990) 8#2k2} p-0.073(0.021-0.109) el] 
yada cba x74 4A. BS Fu ola Ate eB Yet 49] Sb3pAb Zacco 
4-(Lee et al, 1989)°]1+ Salmo; 4#(Gyllensten and Willson, 1987), Moroco4 3€ 
= 9#} Agkistrodon% 4%(Lee et al, unpublished) $ sb&drela] Bolt: #2 
Bt pe tat HFS vaya. 244 1429 Lepomis 9F 
(p=20.1%)(Avise and Saunder, 1984)o]u, 74 Ranas GAR 44 
(p=19.2%) (Park, 1990), 424) #21 Peromyscus? (p=14.1%), Rattus} 
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(p-16.296) (Brown and Simpson, 1984) 32 844 ee FS uou. 

HA, X ATS SVS ANS 442] isozyme £4] »HGShim, 1994) AE P. m. 
wladiwostokensis9] P. a. amurensis 2). P. p. hellmayri} P. v. varius7} 717] = 
AA TLZ grouping] e] veh} 479 2 94x 9m Hae xp BA. du 
Aloe mtDNA X4 AZE VAS PETA FAA TAAES isozyme #4 
AAS Has HAs AAA Bem, 2 YS Bark y ete] ob F}(Danioninae) 
o]d- 34 5#(Lee et al, 1989; Yang and Min, 1989) 2} Moroco °]#(Min et al, 
1995) S€ €-T3)u e| EE X isozyme PAAA f-AA Aho] 7} mtDNA% A 
X Lug WSs ug SHS Xo FAG. neu VE AETA 2 A 
TA Parus 7°] mtDNAS$} isozymes] HY] AoE BolS ALE Yea 
(Park, 1990; Park and Lee, 1991), o) 4%} 84$ mtDNASL A DNAR $7] a 
Sz] apo]sb FAAA 549 AeA Alge ALZ 22. Fa LAPA 
(haploid) 322 AJ (evolutionary rate)7] 9] o Ede] A ws 
mDNA YJ. APE $43] FAA sols 27] PAL + YE ue, PEAS) mS 
isozyme} ATE Sb: +) TAR FANA Hager EAA 2e} mtDNA Xd 
AA yep 42b (Min and Yang, 1993; Min et al, 1995). 

MtDNA Z4le] Se HAA #42 Brown &(1979)e| €x 4x &€$ da4es 
looa Abe} 2963] AAAA x pite] YUU Paata paa ol Vawter 
2} Brown(1986)e] GE AF EAE HA sp E& e| Ho] FADS apu os 
Bch. o) $2] QL zaoa P v varius: 42%] 3% P. m. wladiwostokensis, 
P. a. amurensis 18} 3 P. p. hellmayri} 600813 Ao] AAE Role} FAR + 
Br. Ze Uz] SSE AF 350xbdela] 4008 Afolol B37} RAe Aol 
ALS) oO] o]|E 44-9 X7] AAA (Pliocene) 2} #7] £4 Al (Pleistocene) 2) 7]e] +3} 
aqya A. 
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Mitochondrial DNA analysis on 4 species of the genus Parus 
(Passeriformes: Paridae) in Korea. 


Mi-Sook Min 
(Dept. of Biology, Inha University, Incheon 402-751, Korea) 


ABSTRACT 


Mitochondrial DNA was used to investigate the phylogenetic relationships among 
4 species of the genus Parus in Korea. Ten restriction enzymes were employed to 
detect the construction of mtDNA in each species. The genome size of mtDNA 
ranges from 16.6 Kb(Parus varius varius) to 17.0 Kb(P. major wladiwostokensis). 
The species specific fragment patterns were observed in the digestion with the 
restriction enzymes of Pst I and Pvu Il. A substantial genetic divergence among 
species was recognized. The average value of nucleotide sequence divergence between 
P. m. wladiwostokensis and P. a. amurensis was the least(p=0.073, F=0.294) 
whereas the value of P. a. amurensis and P. v. various was the most(p=0.119, 
F=0.143). Assuming an evolutioary rate for mtDNA of 2% divergence per million 
years (Brown et al., 1979), these species are speciated during late Pliocene to early 
Pleistocene epoch. 
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